Summary: Groups of younger (n=49, M age = 21.7 years) and older (n=52, M age = 73.0 years) adults performed computer-based cognitive tests and simulated driving. Results from the cognitive tests were submitted to Principal Components Analysis (PCA) and 6 components were extracted that explained more than 77% of the variance. The components were labeled speed, divided, sustained, executive, selective/inhibition, and visual search in descending order of amount of variance explained. The component scores were used to predict simulated driving performance. Hierarchical step-wise regressions were computed with driving performance as the criterion, and age group (forced) and the component scores (step-wise) as predictors. Results showed that the speed and divided components were more likely to explain additional driving performance variance beyond age group than the other components.
INTRODUCTION
Assessment of driving ability is likely to be necessary in the later years of the life span as the population of the U.S. ages as a result of the baby boom generation reaching retirement age (Eby, Molnar, & Kartje, 2009 ). Aging affects driving in several ways, which can be inferred by the increase in the number of accidents per mile driven for older drivers (U.S. DOT, 2005) . The goal of the present study was to develop a comprehensive attention assessment test battery that can be used for any age group but that was sensitive to the areas of concern for the aging driver as well as for other demographic groups with attention dysfunction. The assessment focused on the functional profile of five functions of attention (selective, visual search/scanning, divided, switching, and sustained) using a computer battery modeled upon the ASAP (Assessment Software for Attention Profiles, Washburn & Putney, 1997) . The present study explored the attention functions separately for young and old age groups in an effort to identify the relation and consistency between the factor solutions for the two groups. The purpose of the study was to test whether a single component structure could be used for both the young and old adults or if separate component structures are needed. This study also explored the relationship of the factor scores to measures of simulated driving performance.
METHOD Participants
There were two groups of participants to assess the consistency of the component structure of attention functions in young and old adults. The younger group consisted of participants who were Central Michigan University students 18-34 years-of-age solicited from the Department of Psychology subject pool and compensated with course credit. The mean age of the young group was 21.7 years and there were 31 females (63.3%) and 18 males (36.7%), 73.5% (36) of whom were Caucasian/White, 4.1% (2) were American Indian, 8.2% (4) were Asian/Pacific Islander, 10.2% (5) were African American, and 4.1% (2) were other ethnicities. The older group was 60-87 years-of-age who were recruited throughout the community from a database of older adults that had previously participated in research and from an advertisement placed in the local Commission on Aging senior newspaper. The older group was compensated $15.00 per hour. The mean age of the older group was 73.0 years and there were 34 females (66.0%) and 18 males (34.0%), 98.1% (52) of whom were Caucasian/White and 1.9% (1) were other ethnicities.
Procedure
Each participant was seen individually for one data collection session. After giving informed consent, participants completed a demographic questionnaire, a driving knowledge questionnaire (Secretary of State, 2004) , a driving behavior survey (Barkley et. al., 2002) , an older driver questionnaire that may indicate problem areas with an older driver adapted from Eby, Molnar, and Shope (2000) , a driving history survey (Barkley et. al., 2002) , and a motion sickness history questionnaire (Golding, 2006) . Participants were assessed cognitively with the Mini Mental State Exam (MMSE, Folstein, Folstein, & McHugh, 1975) . Participants' visual acuity and peripheral vision was tested using the Keystone View DVS II Driver vision tester. Participants then completed a computer task battery for the five functions of attention: visual search/scanning, selective, divided, switching, and sustained. Tasks in the battery were a two-choice reaction time task (RT-2), a two color version of the Stroop task (Stroop, 1935) , the attention network task (ANT, Fan et al., 2002 ), a visual search task (Neisser, 1963) , Trail Making Test Parts A and B (Reitan, 1958) , the Anti-cue and Pro-cue tasks (Hallett, 1978 ), a continuous performance task (CPT), and a dual task of single axis compensatory tracking and two-choice reaction time task. Finally, participants completed a brief driving simulation course. The length of the procedure for each participant was approximately 120 min.
Driving Simulation
The virtual driving world was created using Hyperdrive simulation programming software (version 1.9.25) presented to the participant using a DriveSafety desktop driving simulator. Participants were seated on an automobile seat mounted on a platform with a desk placed in front of the seat that had a force-feedback steering wheel and pedals attached. A 20 in. LCD flat panel display included the driving scene, a digital speedometer, and a rear view display. Participants were presented a scenario to assess their driving performance on a subset of the situations relevant to older drivers identified by Korner-Bitensky et al. (2005) . The scenario was a carfollowing task through highway, suburban, urban, residential, and industrial sections and included merging, speed decreases and increases, switching lanes, stop signs, stop lights, left and right turns, and opposing traffic. Participants were instructed to follow all traffic laws and to follow the lead vehicle, which was programmed to wait for the participant if s/he lagged a certain distance. Driving performance measures were divided into driving event type: continuous, stopturn, stop, merge, slow, and multi-merge. If participants experienced motion discomfort symptoms during the simulated driving they stopped participating, which resulted in a different number of completed events for both age groups. Driving performance data were collected at 60
Hz throughout the scenario. The duration of the driving simulation was approximately 15 min. depending on driving speed.
RESULTS
The young and old groups were composed of cognitively healthy individuals. The old group (M=33.02, SD=2.33) had lower MMSE scores than the young group (M=33.94, SD=1.94), although all scores were at or above the cutoff score of 23, t(100)=2.11, p=.033. The majority of both age groups had acceptable visual acuity (at least 20/40) according to the State of Michigan regulations for drivers.
Principal Component Analysis (PCA) was performed for the young and old groups separately and combined to find an overall component structure of the attention task variables. A number of exploratory analyses were done to determine the optimum number of variables and components to use that would explain the variance in the most logical way, while attempting to maximize the subject to variable ratio. Variables were removed that were found to contribute minimal variance to the component structure in preliminary analyses.
The final analysis resulted in the inclusion of 21 out of the 38 possible variables and 6 components. PCA with varimax rotation was done for the z-scores (computed separately for younger and older groups) of the RT's from the RT-2 task, visual search feature and pop-out tasks, Anti-cue and Pro-cue tasks, Stroop congruent and incongruent task trial types, CPT, the dual-task tracking RMSE and RT and accuracy, the alerting, orienting, and executive scores from the ANT task, as well as the total time for Trail Making Test Parts A and B. Case-wise exclusion was done yielding a total sample of 93 participants: 44 younger and 49 older participants. PCA solutions for the two age groups were found to be similar with two exceptions: 1) the younger group had more of the dual-task variance load with Component 1 (the Speed Component) than the older group; whereas the older group had less variance load on the Trails and Stroop tasks than the younger group. The combined solution used in the current study is presented below. Table 1 contains the amount of variance explained by the 6 components extracted through the PCA, before and after varimax rotation. Table 2 contains the rotated component matrix from the PCA analysis with varimax rotation. The components were named Speed, Divided, Sustained, Executive, Selective/Inhibition, and Visual Search based upon the pattern of component loadings. More younger participants (95.7%) drove to the end of the scenario than older participants (59.6%). Reasons why participants were unable to complete the scenario included motion discomfort, equipment failure, and other various individual reasons such as failing to get the hang of driving with gaming controls. Ending time in seconds was used to determine the how long each participant drove. The younger group had a mean of 930.72 s (SD=140.09), with times ranging from 113.17 to 1177.12 s; whereas the older group had a mean of 852.84 s (SD=339.35), with times ranging from 39.70 to 1454.20 s. The older participants drove more slowly and over a shorter distance compared to the younger participants.
Only simulated driving performance data from the first few events in the scenario were analyzed to maximize the number of older participants. The events that we used were a straight on a sixlane divided highway, the merge off of the highway, and a suburban straight in a 5-lane with center turn roadway. The two straight sections differed in the speed limit, 65 mph for the highway section and 35 mph for the suburban section. For each event we examined the standard deviation (SD in m) of the following distance from the lead vehicle, the root mean squared error (RMSE in m) of lateral position from the center of the lane, mean velocity (in km/h), and time to complete the event (in s). For each driving performance measure we conducted a hierarchical step-wise regression. Age group was entered in the first step, and then the six component scores were step-wise entered using p<.05 to enter and p<.10 to remove. Table 3 presents the results for the significant driving performance measures. Step-wise 2 Comp 1 (Speed As can be seen in Table 3 , age group accounted for significant variance for most of the measures of simulated driving performance, where younger drivers had shorter following distance from the lead vehicle, less lateral deviations from lane center, faster mean velocity, and shorter time to complete than older drivers. Further, for many of the measures the attention components explained significant variance in driving performance beyond age group. Component 1, the speed component, was significant for most performance measures that differed between groups. Component 2, the divided component, explained additional variance beyond age group and the speed component for the SD lead-vehicle following distance in two of the three events examined. In the suburban segment, Component 4, the executive component, was significant. Finally, the most complex behavior we examined, the merge to the off-ramp, had the most complex model where age group, Component 1 (speed), 2 (divided), and 5 (selective/inhibition) all explained significant variance.
DISCUSSION
The current study expanded our previous research on using attention components to predict simulated driving (Nelson, Tuttle, & Backs, 2007) to the senior driver age group. The attention components obtained in the current study generally support the component structure obtained in Nelson et al. with younger adults. Further, when examined separately, the component structure for the younger and older groups were similar enough to each other to warrant the use of a single component solution for all participants. The current study also used a more naturalistic driving scenario than did Nelson et al. because specific driving events were simulated that were identified in the Canadian Consensus Report (Korner-Bitensky et al., 2005) as being particularly important to assess in older drivers.
This preliminary examination of a subset of driving behaviors suggests that individual differences the highly developed skill of driving can be predicted at least in part by individual differences in attention components. The fact that the speed and divided attention components explained variability in headway maintenance but not in lateral position is consistent with literature suggesting that headway maintenance requires focal attention and controlled processing whereas lateral position can be performed using ambient attention and is more automatic (e.g., Horrey, Wickens, & Consalas,2006; Previc, 1998; Summala, Nieminen, & Punto, 1996; Wickens, 2002) . Other more complex driving behaviors need to be examined to see if they show the same relation. Future work will continue to develop the attention battery to better discriminate attention functions and to continue to increase the external validity of the simulated driving scenario using a more realistic simulator. It is also imperative to external validity to decrease the loss of older participants because of motion discomfort, so the development of counter-measures (e.g., Wesley, Sayer, & Tengler, 2005) will be very important in future studies.
